BACKGROUND: Due to dietary exposure of women to genistein, a soy-derived phytoestrogen, and the estrogen responsiveness of uterine leiomyomas 'fibroids', we evaluated the effects of genistein (0.001-50 mg/ml) on human uterine leiomyoma (UtLM) cells versus uterine smooth muscle cells (UtSMCs) in vitro. METHODS: Light microscopy was used to determine the effects of genistein on cell morphology. Proliferation was assessed using a colorimetric assay and proliferating cell nuclear antigen (PCNA) immunocytochemistry. Flow cytometry was used to quantitate cells in the S-phase and those undergoing apoptosis. A fluorometric assay and confocal microscopy were used to detect caspase-3 activity and apoptotic bodies, respectively. RESULTS: In UtLM cells, low concentrations ( 1 mg/ml) of genistein stimulated proliferation, increased PCNA labeling and the percentage of cells in the S-phase, but this did not occur in UtSMCs. Higher concentrations (!10 mg/ml) of genistein adversely affected the morphology, significantly inhibited proliferation, decreased PCNA labeling, increased caspase-3 activity and induced apoptosis in both cell types. CONCLUSIONS: Genistein's effects are concentration-dependent in both cell lines. Lower concentrations elicit proliferative effects on UtLM cells only; whereas, higher concentrations alter morphology, inhibit proliferation, and increase caspase activity and apoptosis in both cell types, with the latter two effects being more extensive in UtSMCs.
Introduction
Uterine leiomyomas (fibroids; myomas) are the most common benign tumors occurring in premenopausal women. The incidence of these tumors has been reported to be as high as 77% based on pathological specimens (Cramer and Patel, 1990) . The estimated cumulative incidence for fibroids is .80% for African-American women and approximately 70% for Caucasian women as evidenced by ultrasound screening (Day Baird et al., 2003) . Although benign, they may cause health problems such as pelvic pain, menorrhagia and infertility (Buttram and Reiter, 1981; Haney, 2000; Stewart, 2001; Wegienka et al., 2003) . The exact etiology of fibroids remains unknown, although studies have shown that these tumors are hormonally dependent (Andersen et al., 1995; Brandon et al., 1995; Englund et al., 1998) , similar to breast and ovarian cancers (Chen and Anderson, 2001; O'Donnell et al., 2005) .
Within the past decade, there has been an increased interest in phytoestrogens and their role in human health because of the possible protective role that some phytoestrogens may have in cancer. The flavonoids are the class of phytoestrogens most widely studied (King and Young, 1999) . Isoflavones, a subclass of flavonoids, are thought to be the most well known of the plant estrogens (Ososki and Kennelly, 2003) . Genistein, daidzein and their respective b-glucoside forms are the primary isoflavones in soybeans (Messina, 2002) . The estimated intake of soy is 9 -27 g/day for Asian populations (in China, Indonesia, Japan and Korea) (Soyatech Syndicated Report, 2006) compared with 1 -3 g/day for Americans (Barnes et al., 1995) .
At present, there are conflicting results in the literature regarding the protective versus adverse effects of soy in rodents and in vitro studies. Some rodent studies using cancerinducing agents have shown that soy products are protective against cancers (Baggott et al., 1990; Murrill et al., 1996; Lamartiniere et al., 1998) . However, another study has shown that when rodents are exposed during development, adverse effects may occur (Newbold et al., 2001) . For example, mice treated neonatally with genistein developed uterine adenocarcinomas later in life (Newbold et al., 2001) . In in vitro experiments, several investigators found that low concentrations ( 1 mM) of genistein (Wang et al., 1996; Le Bail et al., 1998; Maggiolini et al., 2001; Chen and Wong, 2004) stimulated growth of human breast cancer cells, whereas high concentrations (!10 mM) of genistein (Le Bail et al., 1998; Maggiolini et al., 2001 ) inhibited growth of these cells.
Genistein is known to interact with estrogen receptors alpha and beta (ERa and b), but has a greater binding affinity for ERb (Kuiper et al., 1998) . Our laboratory has found that human uterine leiomyoma (UtLM) cells and uterine smooth muscle cells (UtSMCs; myometrial cells) express ERa and ERb (Carney et al., 2002; data unpublished for ERb) . While the mechanism(s) by which genistein elicits its proliferative effects remains uncertain, several mechanisms such as interaction with the ER, activation of growth factor receptor pathways and acceleration of cells into the DNA synthesis phase (S-phase) have been proposed (Wang et al., 1996; Chen and Wong, 2004) . Chen et al. (2004) investigated the effects of 1 mM genistein on cell proliferation induction in MCF-7 cells, and showed that increased cell proliferation can be measured by the percentage of cells in the S-phase of the cell cycle. Furthermore, Dees et al. (1997) showed that treatment of MCF-7 cells with 1 mM of genistein increased synthesis of cyclin D, induced activation of Cdk2 and stimulated hyperphosphorylation of pRb105, demonstrating genistein's ability to stimulate MCF-7 cells to enter the cell cycle.
The inhibitory effects of genistein at high concentrations may involve non-estrogenic mechanisms, such as the inhibition of tyrosine-specific protein kinases (Akiyama et al., 1987; Akiyama and Ogawara, 1991) and topoisomerase II (Okura et al., 1988; Markovits et al., 1989) . Genistein can also induce programmed cell death "apoptosis" (Constantinou et al., 1998; Fioravanti et al., 1998) ; it has been found that !50 mM genistein induces apoptosis in MCF-7 cells at 48 or 72 h (Pagliacci et al., 1994) . Genistein has also been shown to inhibit the progression of MCF-7 cells through the cell cycle, ultimately, arresting the cells in the gap 2 to mitosis (G2/M) phase (Pagliacci et al., 1994; Constantinou et al., 1998) .
Due to the dietary exposure of women to genistein and the estrogen responsiveness of uterine leiomyomas, we investigated the in vitro effects of genistein on UtLM cells and normal UtSMCs. In this study, we determined the effects of various concentrations of genistein on the morphology and proliferation of UtLM cells compared with UtSMCs and assessed mechanisms by which genistein's proliferative or inhibitory effects occur. 
Materials and Methods

Cell proliferation assay
UtLM cells and UtSMCs were seeded at 5 Â 10 3 cells/well and 4 Â 10 3 cells/well, respectively, in 96-well culturing plates (Corning, Corning, NY, USA). After 24 h, the media were changed to DMEM/F-12 (Hyclone) phenol red free with charcoal dextran treated (stripped) FBS (Hyclone) for both cell types. The cells were treated with genistein (4',5,7-Trihydroxyisoflavone; 98% purity by HPLC; Sigma) every 2 days until day seven. Genistein was reconstituted using 0.1% DMSO (Sigma) before it was diluted in the media. The cells were exposed to 0 mg/ml (DMSO; control), 0.001 mg/ml (0.0037 mM), 0.01 mg/ml (0.037 mM), 0.1 mg/ml (0.37 mM), 1 mg/ml (3.7 mM), 10 mg/ml (37 mM), 25 mg/ml (93 mM) and 50 mg/ml (185 mM) genistein for either 24 or 168 h. The number of viable cells was determined using a colorimetric
w AQ ueous One Solution Cell Proliferation Assay (Promega, Madison, WI, USA). The MTS combines with phenazine ethosulfate (PES), an electron coupling agent, and the MTS tetrazolium compound is bioreduced by viable cells into a colored formazan product, i.e. soluble in tissue culture medium. Dye intensity is proportional to the number of viable cells. The CellTiter 96 w AQ ueous One Solution was added to the plate and allowed to incubate for 1 h and 30 min at 378C, with 5% CO 2 , prior to reading the absorbance values at 490 nm using a plate reader (Molecular Devices Corporation, Sunnyvale, CA, USA). The samples were analyzed using SOFTmax Pro software (Molecular Devices Corporation).
Proliferating cell nuclear antigen (PCNA): immunocytochemistry and labeling UtLM cells and UtSMCs were plated at densities of 15 Â 10 4 cells/ slide and 7.5 Â 10 4 cells/slide, respectively, using chamber slides (Lab-tek; Nalge Nunc International, Naperville, IL, USA), and allowed to attach overnight. For each cell type, the culture medium was then changed to stripped serum DMEM/F12 (Hyclone) without phenol red followed by treatment of the cells with 0 mg/ml (DMSO; control), 1 mg/ml or 50 mg/ml genistein for 168 h. Prior to immunostaining, the cells were rinsed three times for 5 min in 1X automation buffer (Biomeda Corporation, Foster City, CA, USA). Both cell types were fixed consecutively with 70% methanol and 4% paraformaldehyde, for 10 min each. Anti-PCNA (Chemicon International, Temecula, CA, USA) (1:75 dilution) and goat antimouse IgM (Jackson Immunoresearch Laboratories, Incorporated) (1:400 dilution), were used as the primary and secondary antibodies, respectively. A Super Sensitive TM Link-Label IHC Detection System (BioGenex, San Ramon, CA, USA) was used according to the manufacturer's recommendations. The kit contained 3,3 0 -diaminobenzidine (DAB) solution as the chromogen for visualization of staining. The cells were counterstained using Mayer's hematoxylin (Poly Scientific, Bayshore, NY, USA). Percent PCNA labeling was determined by the number of cells having positively stained nuclei divided by 1000 total cells counted (i.e. labeled and unlabeled) and multiplied by 100.
Flow cytometric analysis
Flow cytometry was used as a second method of assessing cell proliferation, to determine the percentage of cells in various phases of the cell cycle. UtLM cells and UtSMCs were treated with 0 mg/ml (DMSO; control), 1 mg/ml or 50 mg/ml genistein (Sigma), then incubated in culture for 168 h. Both cell types were resuspended in 1 ml of Nuclear Isolation Media (NIM)-DAPI staining solution (NIM-DAPI, NPE Systems, Pembroke Pines, FL, USA) at a density of 500 000 cells/ml for 7 min at room temperature, and filtered through a 25 mm Filter Tip (NPE Systems). NIM-DAPI stained samples were run on a NPE Quanta TM flow analyzer fitted with a mercury arc lamp (HBO), a 365/546 nm dual exciter, a 565DCXR splitter (long pass) and a 450AF55 nm emission filter. A minimum of 10 000 nuclear signals was collected in list mode files. Modfit LT software (Verity Software House, Topsham, ME, USA) was used to analyze the samples.
Caspase fluorometric assay A fluorometric CaspACE
TM Assay System (Promega, Madison, WI, USA) was used to detect the activity of caspase-3 (CPP32) in UtLM cells and UtSMCs. In brief, the cells were treated with 0 mg/ml (DMSO; control) or 50 mg/ml genistein for 168 h, and total protein was isolated using RIPA buffer. From this, 50 ml of protein were added to the assay under conditions according to the manufacturer's protocol, and 100 ml of the reaction mixture was added to the 96-well plate. The fluorescent activity of caspase-3 was determined after incubation of the samples with the CPP32 substrate (Ac-DEVD-AMC) using a microplate reader (Molecular Devices Corporation) at an excitation and emission wavelength of 360 and 460 nm, respectively, in conjunction with SOFTmax Pro software (Molecular Devices Corporation).
Hoechst stain for apoptosis UtLM cells and UtSMCs were grown in glass bottom microwell dishes (MatTek, Ashaland, MA, USA) and treated with 0 mg/ml (DMSO; control) or 50 mg/ml genistein for 168 h. Prior to staining, the media was changed and the cells were incubated at 378C, with 95% humidity and 5% carbon dioxide for 30 min using a 10 mg/ml solution of Hoechst 33342 dye (Invitrogen, Eugene, OR, USA). Nuclear changes and apoptotic bodies were observed using a LSM 510 UV laser scanning confocal microscope mounted on Axiovert 100 M microscope (Carl Zeiss, Inc.). The samples were analyzed using LSM Image Examiner version 3.2 software for Windows Network Technology (NT).
Statistical analysis
The statistical analyses were performed on data from three independent experiments for each assay. Descriptive statistics are expressed as mean + SEM. For the cell proliferation MTS-based assay and PCNA labeling data, which were normally distributed, differences among concentrations were tested by parametric analysis of variance (ANOVA) (Neter et al., 1996) . Significant overall differences were followed by Dunnett's test, comparing each treated group with the control group. Percentages of cells within the S-phase, percentages of apoptotic cells and the caspase assay data, which were not normally distributed, were analyzed with the Kruskal-Wallis ANOVA (Conover, 1971 ). Significant overall concentration differences were examined by Mann-Whitney tests (Conover, 1971) to identify which treated groups differed from the control group. Differences between percentages of S-phase and apoptotic cells within the same sample were compared using paired t-tests (Snedecor and Cochran, 1976) . All P-values are two-sided.
Results
Cell morphology in UtLM cells and UtSMCs at 168 h after treatment with genistein Control UtLM cells appeared robust and were elongated with intact cigar shaped nuclei (Fig. 1A) . The control UtSMCs were morphologically similar to the UtLM cells (Fig. 1B) . UtLM cells treated with 1 mg/ml of genistein were morphologically similar to control UtLM cells, although there was cellular crowding, suggestive of proliferation (Fig. 1C) . Compared to control UtSMCs, no morphological changes or cellular crowding was seen in UtSMCs treated with 1 mg/ml genistein Figure 1 : Morphology of UtLM cells and UtSMCs after treatment with 0 mg/ml (Control), 1 mg/ml and 50 mg/ml genistein at 168 h (A) UtLM cells and (B) UtSMCs at 0 mg/ml; (C) UtLM cells and (D) UtSMCs at 1 mg/ml; (E) UtLM cells and (F) UtSMCs at 50 mg/ ml. Magnification Â20 (Fig. 1D ). After treatment with 50 mg/ml of genistein, both UtLM cells and UtSMCs were shrunken and fewer in number ( Fig. 1E and F) . Furthermore, both cell types were no longer robust and elongated, and the nuclei were irregularly shaped.
Growth effects of genistein in UtLM cells and UtSMCs at 24 and 168 h
At 24 h, the proliferation of UtLM cells, as measured by the MTS-based assay, was significantly (P , 0.01) stimulated by treatment with 1 mg/ml of genistein, compared with controls ( Fig. 2A) . At 168 h, a significant (P , 0.001) stimulatory effect was observed with both 0.1 mg/ml and 1 mg/ml genistein compared with controls. However, higher concentrations of genistein (10, 25 and 50 mg/ml) significantly (P , 0.05 to P , 0.001) inhibited the proliferation of UtLM cells at 168 h compared with controls ( Fig. 2A) . UtSMCs were not stimulated by low concentrations of genistein at 24 or 168 h (Fig. 2B) . Rather, treatment with 25 or 50 mg/ml of genistein caused significant (P , 0.001) decreases in UtSMC proliferation at 24 and 168 h, and by 168 h, 10 mg/ ml of genistein also significantly (P , 0.05) inhibited the proliferation of UtSMCs (Fig. 2B) .
PCNA immunoexpression and labeling indices in UtLM cells and UtSMCs at 168 h
At 168 h, PCNA immunoexpression and labeling indices in UtLM cells treated with 1 mg/ml of genistein were increased compared with control cells (Fig. 3A1, A3 and B, P , 0.01), whereas no effect was observed in UtSMCs at this concentration (Figs. 3A2, A4 and B). Following treatment with 50 mg/ml of genistein, PCNA expression and labeling indices in both UtLM cells and UtSMCs were decreased compared with respective control cells (Fig. 3A5, A6 and B, P , 0.01).
Proliferation and apoptosis in UtLM cells and UtSMCs at 168 h
At 168 h, the percentage of UtLM cells in the S-phase of the cell cycle in the 1 mg/ml group was nearly double that in the control group, but this difference was not significant due to substantial variability in the control samples (Fig. 4A) . UtLM cells treated with 50 mg/ml of genistein showed no increase in the percentage of S-phase cells compared with controls. The percentage of apoptotic UtLM cells was significantly higher (P , 0.05) in the 50 mg/ml group than in the control group, but apoptosis was similar in the control and 1 mg/ml
Figure 2: Effects of various concentrations of genistein on growth of UtLM cells and UtSMCs Evaluated by the MTS-based Cell Proliferation Assay at 24 h and 168 h (A) UtLM Cells, (B) UtSMCs
The cells were treated with lower concentrations (0.001 mg/ml -1 mg/ml) and higher concentrations (10 mg/ml -50 mg/ml) of genistein and compared with controls. Results were obtained from three independent experiments and are expressed as mean + SEM. *P , 0.05; **P , 0.01; ***P , 0.001 versus control (Fig. 4A) . At 168 h, the percentages of UtSMCs in the S-phase were similar in the 0, 1 and 50 mg/ml of genistein groups (Fig. 4B) . However, UtSMCs treated with 50 mg/ml of genistein showed a significant (P , 0.05) increase in apoptosis, which was far greater (16.3%) than that observed in the UtLM cells (2.0%) (Fig. 4B) .
A caspase assay and Hoechst stain for apoptosis in UtLM cells and UtSMCs at 168 h At 168 h, caspase-3 activity in UtLM cells and UtSMCs treated with 50 mg/ml of genistein was significantly (P , 0.05) higher than in their respective controls (Fig. 5A) . Additionally, caspase-3 activity in the UtSMCs was nearly double that in the UtLM cells after treatment with 50 mg/ml of genistein. A Hoechst stain was used to detect apoptotic nuclear changes in the UtLM cells and UtSMCs (Fig. 5B) . The treated UtLM cells showed signs of nuclear swelling suggestive of necrosis, with few apoptotic cells (Fig. 5B1) ; whereas numerous apoptotic cells were observed in the treated UtSMCs (Fig. 5B2 ) compared with control UtSMCs and compared with treated UtLM cells (Fig. 5B1) .
Discussion
In the present study, we found that a low concentration of genistein (1 mg/ml) did not alter cell morphology in UtLM cells and UtSMCs; however, it did alter cell proliferation dynamics in UtLM cells, but not UtSMCs. Although in vitro and in vivo reports on the morphologic and proliferative effects of genistein in human uterine leiomyoma and myometrial cells are lacking, a few studies have assessed the effects of structurally similar compounds on these cell types. Kawaguchi et al. (1985) investigated the effects of estradiol (E 2 ) (10 28 M) on smooth muscle cells from the explants of myometrium and leiomyomas, and found that a low concentration of E 2 caused both cell types to proliferate, as indicated by a marked increase in cell numbers from day 7 to 14. Furthermore, both cell types treated with E 2 showed similar ultrastructural features to controls, and E 2 did not significantly affect the "differentiation" or change the shape or size of either cell type (Kawaguchi et al., 1985) . Our findings are similar to the above study. However, the absence of a proliferative effect in the UtSMCs is in contrast with the E 2 -treated cells in the Kawaguchi et al. (1985) study and could be related to the fact that genistein is weakly estrogenic and a less potent inducer of cell growth in UtSMC. Our findings are also in agreement with an in vitro study of Eker rat leiomyoma cells in which low concentrations of genistein were proliferative and high concentrations were inhibitory (Hunter et al., 1999) . Taken together, these data suggest that low concentrations of an estrogenic compound have no effect on the morphology of uterine leiomyoma or myometrial cells. Newbold et al. (2002) found that CD-1 mice prenatally exposed to low (2.5 mg/kg and 10 mg/kg) concentrations of the synthetic, environmental estrogen, diethylstilbestrol (DES), had an increased incidence later in life of uterine leiomyomas that had histologic characteristics typical of uterine leiomyomas in women (Newbold et al., 2002) . Interestingly, previous findings by McLachlan et al. (1980) revealed that low (2.5 mg/kg and 10 mg/kg) concentrations of DES in CD-1 mice treated at days 9 and 16 of gestation lead to the development of uterine leiomyomas in 12 to 18-month-old offspring; whereas a high (100 mg/kg) concentration of DES was often teratogenic and caused smooth muscle hypoplasia and underdevelopment, and thus no leiomyomas. The effects of prenatal DES exposure have also been evaluated in women. One study has shown that premenopausal women who reported prenatal exposure to DES show increased risk for fibroids compared with non-exposed women, and that the tumors tend to be larger in the exposed women (Baird and Newbold, 2005) . In contrast, Wise et al. (2005) found no association between prenatal exposure and risk of fibroids in women, and instead determined that prenatal DES exposure was associated with an increased risk of paraovarian cysts. Collectively, however, the human data support the concept that estrogenic exposures during development can promote reproductive tract abnormalities later in life.
Genistein is believed to elicit a concentration dependent dual threshold effect with regard to growth stimulation or inhibition. Studies using MCF-7 cells have shown that concentrations 1 mM genistein stimulate cell growth (Wang et al., 1996; Chen and Wong, 2004) , whereas concentrations !10 mM inhibit growth (Le Bail et al., 1998; Maggiolini et al., 2001) . The lower concentrations of 0.001 (0.0037 mM) -1 mg/ml (3.7 mM) of genistein, selected for our study, are within the physiological range (reported to be 1 mM) (Bouker and Hilakivi-Clarke, 2000) , and the higher concentrations of 10 (37 mM)-50 mg/ml (185 mM) are within pharmacological (.10 mM) concentrations (Bouker and Hilakivi-Clarke, 2000 ). It appears to be unclear whether high in vitro concentrations can be achieved in vivo (de Lemos, 2001 ). Most of the in vitro experiments have used concentrations that have exceeded 10 mM; however, based on pharmacokinetic calculations involving daily intake of isoflavones, following absorption from the gut, distribution to peripheral tissues and excretion, it is unlikely that blood isoflavone concentrations even in high soy consumers would be greater than in the 1-5 mM range . Although a study has shown that healthy Japanese men and women consuming a single, high dose of genistein have plasma concentrations of .20 mM at 4 h after initial consumption, but by 24 h the plasma levels decrease (,5 mM) (Izumi et al., 2000) and are within the physiological range.
In order to ascertain a mechanism by which genistein produced stimulatory and inhibitory effects in the UtLM cells and UtSMC, we assessed cell proliferation using a MTS-based assay and PCNA labeling. Flow cytometry was used to evaluate percentage of cells in the S-phase and apoptosis. We found that UtLM cells, but not UtSMC, treated with a low concentration of genistein showed significant increases in cell proliferation and PCNA labeling; whereas a high concentration of genistein resulted in significant decreases in cell proliferation and PCNA labeling and significant increases in apoptosis for both cell types, with the percentage of apoptosis in UtSMC being triple that of UtLM cells. Our findings are in agreement with two studies using MCF-7 cells in that treatment of MCF-7 cells with a low concentration (1 mM) of genistein stimulated cell growth (Le Bail et al., 1998) and increased the percentage of S-phase cells, while decreasing the percentage of quiescent to gap 1 (G0/G1; resting) phase cells (Chen and Wong, 2004 ). Chen and Wong (2004) attributed the increased proliferation to the mitogenic ability of genistein to stimulate gap 1 to synthesis (G1/S) transition in the cells. However, another study has shown that treatment of MCF-7 cells with 1 mM of genistein caused increased synthesis of cyclin D 1 , activation of Cdk2 and induced hyperphosphorylation of pRb105, indicating genistein stimulated the entrance of MCF-7 cells into the cell cycle (Dees et al., 1997) . Our results suggest that genistein induces the progression of UtLM cells from the G0/G1 phase to the S-phase, ultimately leading to cell proliferation. Contrary to the effects of a low dose of genistein, in our study, higher concentrations (10 -50 mg/ml) of genistein reduced cell growth in both the UtLM cells and UtSMCs, which is similar to what has been reported for MCF-7 cells (Le Bail et al., 1998) . Po et al. (2002) also showed that treatment of MCF-7 cells with 10-150 mM genistein resulted in a significant increase in apoptosis compared with control cells.
Indicators of apoptosis such as caspase-3 activity and nuclear morphology were assessed in both cell types in our study. Caspase-3 is an important biological mediator in the apoptotic pathway (Thornberry et al., 1997) . This executioner protein is involved in the extrinsic and intrinsic apoptotic pathways (Boatright and Salvesen, 2003) . We found that a high concentration of genistein significantly increased caspase-3 activity and apoptosis in both cell types. Furthermore, at the high concentration, UtSMCs caspase-3 activity was nearly double that observed in UtLM cells and supports the flow cytometry data in which we found nearly eight times the percentage of apoptotic UtSMCs compared with UtLM cells. Confocal microscopy and the Hoechst stain confirmed the presence of apoptotic bodies, primarily in the UtSMCs, whereas the UtLM cells did show some characteristics of apoptotic cells, although this was not a predominant feature of dying cells.
In summary, genistein's concentration determines its effects on the morphology and cell proliferation of uterine leiomyoma and normal myometrial cells. Low (0.1 mg/ml and 1.0 mg/ml) concentrations of genistein significantly stimulated UtLM cell growth, but not UtSMC growth; high concentrations (10 -50 mg/ml) of genistein inhibited the growth of both UtLM cells and UtSMCs. Our data show that UtLM cells are more responsive than UtSMCs to the proliferative effects of a low concentration of genistein, as indicated by an increase absorbance of cells in the MTS-based assay, enhanced PCNA labeling and the increased percentage of cells in the S-phase of the cell cycle. The increased responsiveness observed in UtLM cells could be due, in part, to enhanced transactivation of the ER, and/or activation or up-regulation of transcription factors, growth factor peptides, receptor tyrosine kinases and their downstream effector kinases (MAPK/ERK 1/2), which have all been shown to be up-regulated or activated in response to treatment with 17b E 2 in UtLM cells, but not in UtSMCs (Barbarisi et al., 2001; Swartz et al., 2005) . Conversely, a high dose of genistein induced more severe apoptotic effects in the UtSMCs possibly due to early (data not shown) and sustained up-regulation of caspase-3 activity leading to activation of apoptotic pathways which was not observed in the UtLM cells. Although cell death occurred in the UtLM cells at the higher concentration, it appears that the mechanism of death was mainly by a non-apoptotic route. UtLM cells are neoplastic cells and may be programmed towards cell survival and proliferation; therefore, they might be less susceptible to the apoptotic inducing effects of genistein. Our in vitro model provides some insight on the differential effects of low and high concentrations of a phytoestrogen on uterine leiomyoma and uterine smooth muscle cell proliferation and death.
